The existence of methicillin (meticillin)-resistant Staphylococcus aureus (MRSA) was first reported nearly 50 years ago (20) , and MRSA is now an increasingly common pathogen associated with nosocomial and community-acquired infections (1, 2, 29) , such as surgical-site infections, bloodstream infections, and pneumonia. Vancomycin, which has been available for more than 50 years, was not widely used initially because of oto-and nephrotoxicities caused by impurities in the early preparations (11) . Since the late 1970s, new methods of purification have resulted in improved vancomycin preparations with lower levels of oto-and nephrotoxicities in animal models (3, 7) ; consequently, with the worldwide emergence of methicillin-resistant staphylococci in the 1970s, interest in vancomycin has been rekindled.
Since the 1980s, vancomycin has been used widely in many countries for the treatment of serious infections caused by gram-positive bacteria. Its frequent use for MRSA infections gradually selected MRSA strains with reduced susceptibilities to glycopeptide antibiotics, which led to the discovery in Japan in 1997 of MRSA strains with intermediate resistance to vancomycin (13) . Although the resistant strains are designated intermediate, they are practically resistant to the concentrations of vancomycin used in clinical chemotherapy (4, 9, 28) . Most recently, several highly vancomycin-resistant strains of S. aureus-carrying the enterococcal vanA transposon-were recovered from patients coinfected with MRSA and vancomycinresistant enterococci (21, 26, 27) .
Vancomycin-intermediate S. aureus (VISA) is not easily generated from vancomycin-susceptible MRSA, but it is frequently generated from certain MRSA strains which are heterogeneously resistant to vancomycin (10) . The vancomycin MICs for heterogeneous vancomycin-resistant S. aureus (hetero-VISA) strains are within the susceptible range (Ͻ4 g/ml), but these strains include subpopulations that exhibit reduced susceptibilities to vancomycin (15) . These organisms are clinically important, because they persist latently when they are disseminated in the hospital environment and are able to generate VISA during vancomycin therapy in patients infected with hetero-VISA strains (23, 34) .
In Thailand, MRSA is an important pathogen causing serious nosocomial infections. A study in 2001 reported the detection of 3 hetero-VISA strains among 155 MRSA isolates from various hospitals in Thailand (32) . Later, a preliminary report announced the identification of 7 hetero-VISA strains among 246 MRSA strains isolated from patients at a university hospital (24) . We therefore considered it important to continue surveillance of the vancomycin susceptibility profiles of MRSA clinical strains in hospitals where MRSA is isolated at high frequencies and where relatively generous use of vancomycin is inevitable. This communication thus reports the prevalences of MRSA isolates with reduced susceptibilities to vancomycin among patients at a university hospital in northeast Thailand over two time periods. We present the first evidence of the isolation of VISA in Thailand.
A total of 894 MRSA isolates from patients at the 842-bed Srinagarind Hospital, Khon Kaen University, Khon Kaen, Thailand, were recovered and studied. Between August 2002 and April 2003, 533 isolates were collected, and between November 2006 and December 2007, 361 isolates were obtained. All of the isolates were identified by conventional coagulase tube testing and DNase testing and then were stored in skim milk supplemented with 30% glycerol at Ϫ70°C. The references strains used for the vancomycin susceptibility tests were the hetero-VISA strain Mu3 (ATCC 700698) (13) , the VISA strain Mu50 (ATCC 700699) (14) , and a vancomycin-susceptible S. aureus strain (ATCC 29213).
All of the isolates were screened for reduced susceptibility to vancomycin by one-point population analysis (13) . Overnight cultures in brain heart infusion (BHI) broth were adjusted to an optical density at 578 nm of 0.3 (about 10 8 CFU/ml). Aliquots of 100 l of the cell suspensions were spread evenly onto BHI agar plates containing 4 g/ml of vancomycin. The plates were then incubated at 37°C for 48 h, and cell growth was inspected at 24 and 48 h.
Isolates were suspected of being VISA strains if more than 1,000 colonies grew within 48 h and of being hetero-VISA strains if fewer than 1,000 colonies grew. All of the isolates that grew on the screening agar plates (screening-positive isolates) were subjected to further confirmation tests by population analysis. Briefly, colonies from cultures grown overnight on BHI agar were inoculated into BHI broth. After 24 h of incubation, the cultures were adjusted to an optical density at 578 nm of 0.3 and then 10-fold serial dilutions from 10 Ϫ1 to 10
Ϫ6
in normal saline solution were prepared. Aliquots of 100 l of each dilution were spread evenly onto BHI agar plates containing 0, 1, 2, 3, 4, 5, 6, 7, or 8 g/ml of vancomycin (or 0, 0.5, 1, 2, 4, 8, 16, 32, 64, or 128 g/ml of teicoplanin). The plates were then incubated at 37°C for 48 h before the colonies were counted, and the log numbers of CFU per milliliter were plotted against the antibiotic concentrations.
For each screening-positive isolate, MICs of the following antimicrobial agents (all from Sigma Chemical, St. Louis, MO, except for teicoplanin, which was purchased from SanofiAventis, Tokyo, Japan) were determined by testing the indicated ranges of concentrations by the agar dilution method according to the CLSI guidelines (5): vancomycin (0.25 to 8 g/ml), cefazolin (0.5 to 128 g/ml), oxacillin (0.5 to 128 g/ ml), ofloxacin (0.5 to 128 g/ml), tetracycline (0.5 to 128 g/ ml), erythromycin (0.5 to 128 g/ml), gentamicin (0.5 to 128 g/ml), and teicoplanin (0.5 to 128 g/ml).
Isolates from each group of strains, representative of the different antibiotic susceptibility patterns, were analyzed by multiplex PCR to determine staphylococcal cassette chromosome mec (SCCmec) types. Chromosomal DNA was extracted using the Isoplant II kit per the instructions of the manufacturer (Wako Chemical, Tokyo, Japan). Multiplex PCR analyses of mecA, the ccr gene complex type, and the mec gene complex class were performed using primer sets and conditions described previously (22) . A 286-bp fragment of the mecA gene was amplified using primers mA1 and mA2. Simultaneously, the ccr gene complex type was identified using primers ␣1, ␣2, and ␣3 with primer ␤c to amplify the respective 695-, 937-, and 1,791-bp fragments of ccrA1, ccrA2, and ccrA3. Either the 1,287-bp fragment of ccrA4 or the 518-bp fragment of ccrC was amplified using primer ␣ 4.2 with ␤ 4.2 or primer ␥ R with ␥ F, respectively. The mec gene complex classes of the isolates were identified by using the primers mI6, IS7, and IS2 with mA7 to amplify the 1,963-, 2,827-, and 804-bp fragments of mec classes A, B, and C, respectively.
Multilocus sequence typing (MLST) of the representative isolates was performed as described previously (6) . The alleles of seven loci were evaluated by comparing the sequences to those of the corresponding loci in the S. aureus MLST database (www.mlst.net). Sequence types (STs) were determined according to the combined pattern of the seven alleles, and clonal complexes were identified by the BURST (based upon related STs) program, available at the MLST website. agr typing was performed as described previously (30) . Pulsed-field gel electrophoresis (PFGE) analysis of SmaI-digested chromosomal DNA was performed with a contour-clamped homogeneous electric field mapper system according to the instructions of the manufacturer (Bio-Rad), and a 48.5-kb ladder (Bio-Rad) was used as the DNA size marker. After the analysis was run for 22 h, the gel was stained with ethidium bromide and photographed. The band patterns were compared visually and were classified as indistinguishable (clonal), closely related (representative of clonal variants with a difference of three or fewer bands), possibly related (exhibiting a four-to six-band difference), and unrelated, according to previously described criteria (31) .
Among the 533 MRSA strains isolated between August 2002 and April 2003, 19 strains (3.6%) generated colonies on the BHI agar plates with 4 g/ml of vancomycin, whereas 26 (7.2%) of the 361 strains isolated between November 2006 and December 2007 formed colonies on the screening agar plates. The two groups of strains were isolated from various specimens obtained from patients ranging in age from 1 to 93 years ( Table 1) .
All of the 45 screening-positive strains were tested further by population analyses. Among the 19 screening-positive isolates in the first group, 4 hetero-VISA strains were identified by the confirmatory population analysis profile (PAP) tests. In contrast, 8 hetero-VISA and 3 VISA strains among the 26 strains in the second group were detected. The PAPs of the representative strains in the presence of vancomycin and teicoplanin are shown in Fig. 1 and 2 . Statistical analyses using Fisher's exact test showed a significant increase in screening-positive strains (P ϭ 0.02; risk ratio confidence interval, 0.25 to 0.94) and a marginally significant increase in confirmed hetero-VISA strains (P ϭ 0.08; risk ratio confidence interval, 0.07 to 1.29) between the two sampling periods.
All 19 screening-positive strains from the first group were susceptible to vancomycin (MICs for the strains, 0.5 to 2 g/ ml), and most were resistant to cefazolin, oxacillin, ofloxacin, tetracycline, erythromycin, and gentamicin. The exceptions were one strain susceptible to cefazolin, two strains susceptible to ofloxacin, and four strains susceptible to erythromycin. All 26 screening-positive isolates from the second group were resistant to cefazolin, oxacillin, ofloxacin, tetracycline, and erythromycin, and all but 4 were resistant gentamicin. The vancomycin MICs for this group of strains were between 2 and 3 g/ml. The MIC ranges for the screening-positive strains are shown in Table 1 . The vancomycin MIC for the 12 PAPconfirmed hetero-VISA strains was 2 g/ml, and that for the 3 VISA strains was 3 g/ml (equivalent to 4 g/ml as determined by the regular twofold dilution system for MIC testing). The teicoplanin MICs for the hetero-VISA strains were between 2 and 8 g/ml, whereas those for the VISA strains were between 8 and 16 g/ml (Table 2) . By using the paired Wilcoxon rank test, a significant increase in teicoplanin MICs for VISA strains compared to those for hetero-VISA strains was confirmed.
It was found that the genotypes of 6 hetero-VISA strains (arbitrarily chosen from among the 12 confirmed hetero-VISA strains) classified the strains as ST239 and SCCmec type III. Two of the three VISA strains, JCSC (Table 2 ). PFGE analyses of these isolates revealed that 1 of the 12 hetero-VISA strains (JCSC 6905 ) was identical to a hospital-associated MRSA (HA-MRSA) strain from the same hospital. The remaining 11 hetero-VISA and 2 VISA strains, JCSC 7193 and JCSC 7203, were closely related to the HA-MRSA strain. In contrast, the VISA strain JCSC 7195 had a banding pattern similar to those of Mu3 and Mu50 (Fig. 3) .
We found three VISA strains in samples from three patients in different wards during the second period of the surveillance. The first strain (JCSC 7193) was isolated in October 2007 from a 12-year-old boy with underlying acute leukemia who had a fractured leg and a ruptured spleen after a motorcycle accident. After being hospitalized and undergoing open reduction and internal fixation in a provincial hospital, he developed chronic osteomyelitis. He was referred to our tertiary-care hospital in September 2007 with septic shock caused by extended-spectrum ␤-lactamase-producing Escherichia coli and chronic osteomyelitis caused by MRSA. Between October 2007 and March 2008, he was treated periodically with vancomycin combined with either an aminoglycoside, a fluoroquinolone, or a carbapenem. The second strain (JCSC 7195) was After confirmation by PAPs, the prevalence of hetero-VISA during the first period was determined to be 0.8%, compared to 2.2% during the second period. In addition, 0.8% of the strains from the second period exhibited VISA phenotypes, implying that the trend toward the reduction of vancomycin susceptibility in our hospital had gradually increased over the previous half decade. The strains with reduced vancomycin susceptibilities were associated with infection as well as colonization of the patients. Two of the three VISA strains caused serious infections refractory to vancomycin therapy and the prolonged hospitalization of two patients. These two VISA strains were genetically different, suggesting that reduced vancomycin susceptibility in our hospital occurred among different clones of MRSA. This finding coincides with the data in a previous report of the emergence of reduced susceptibility to vancomycin in various lineages of MRSA (17) .
The present prevalences of hetero-VISA and VISA strains in our hospital are 2.2 and 0.8%, respectively, which are comparable to those reported in several previous studies, 2.7% in Hong Kong (35, 36) , 2.6% in Ireland (8), and 1.1% in Italy (25) , but lower than those in university hospitals in Japan in 1996 (9.3 to 20%) (13) .
In patients who are colonized by a hetero-VISA strain, subsequent infection with this organism may occur. It has been reported previously that patients with MRSA colonization have a 35% risk of developing invasive disease within a year (19) . Moreover, the family members of the patients carrying MRSA may potentially be at risk of becoming colonized as well (12, 16) . Although the resistance phenotypes of the strains used in the previous studies were not characterized by laboratory testing, these strains may nevertheless cause infections with increased risks of clinical failure (4) .
The strains with reduced susceptibilities to vancomycin could not be detected by a routine susceptibility test. Various screening methods for strains with reduced vancomycin susceptibilities have been described previously (33, 34) ; however, confirmation of the resistance phenotypes of screening-positive isolates by population analyses is recommended (8, 18) . This study revealed a slight increase in strains with reduced vancomycin susceptibilities over time at a university hospital in northeast Thailand. This is the first report of VISA strains in Thailand. The appropriate use of antimicrobial agents and effective control of transmission will help retard the emergence of these organisms.
